Abstract: Geo-information technologies are valuable tools for ecological assessment in stressed environments. Visualizing natural features prone to disasters from the oil sector spatially not only helps in focusing the scope of environmental management with records of changes in affected areas, but it also furnishes information on the pace at which resource extraction affects nature. Notwithstanding the recourse to ecosystem protection, geo-spatial analysis of the impacts remains sketchy. This paper uses GIS and descriptive statistics to assess the ecological impacts of petroleum extraction activities in Texas. While the focus ranges from issues to mitigation strategies, the results point to growth in indicators of ecosystem decline.
Introduction
Every facet of energy exploration, recovery, storage processing, and distribution carries some risks associated with environmental impacts. But sometimes these risks are often difficult to assess and costly to anticipate. By developing credible scientific and technological information to characterize those risks, and sharing that data with government regulators and industry operators geo-spatial information technologies such as GIS can minimize and address the problems [1] [2] [3] [4] [5] [6] [7] . In the past years, widespread environmental concerns emanating from oil and gas operations prompted the formulation of new regulations across the United States. While these sets of laws laid the structure for much of the environmental mitigation measures adopted by industry, compliance costs have been rising, thereby making things more complicated. In the fiscal year 1996, the petroleum industry, together with refining, spent heavily on nature protection-nearly the same as it paid in the exploration of fresh supplies-with a price tag of $8.2 billion dollars [8] . Some of these issues could have been anticipated in advance and periodically tracked to aid decision making had geospatial technologies been integrated in the policy framework.
In the study area of Texas, where 700,000 to 1 million oil and gas wells were drilled, abandonment and well leakages have emerged as a common occurrence [9] . In 1992, when the state had about 88,000 abandoned oil wells, each of these wells was plugged at a cost of $25,000. Out of these numbers, close to 24,449 abandoned wells contravened the plugging rules set by Texas Railroad Commission. The other leading areas of concern remain problems of oil spills, and atmospheric and water contamination. Minute spills occur with some regularity; however, the large one is time and again the concern. Of major concern are the potential impacts on tourism, air and water. At the same time, soil pollution, mainly from oil refineries and petrochemical operations, also creates additional problem [10] . Accordingly, the issue of pollution is now starting to attract serious attention in North Texas and it may be on the rise. Given the gravity of the impacts, most scholars in the area say it is worth studying to determine the scope of the problem. The level of ground level ozone from hydrocarbons is also on the rise. A study of the Texas Commission on Environmental Quality in 2006 indicated that storage tanks solely accounted for about 38 tons of volatile organic compounds which are equivalent to 7 to 8 percent of the volatile compounds in North Texas airshed. Those chemicals constitute the key elements in ground level ozone, the region's major pollution problem [11] .
Accordingly, geospatial technologies are valuable tools for ecological assessment in stressed environments. Visualization of spatial relationships in these instances between natural features and landscapes prone to ecological disaster associated with oil and gas not only helps in focusing the scope of environmental management analysis with records of changes in affected area, but also it can furnish information on the pace at which resource extraction activities affect the natural environment. With ecosystem protection around oil and gas operations now, key aspects of management in the sector, very little effort has been made by managers to capture the impacts of petroleum activities and trends spatially in Texas. For more information on related studies in other areas see [1, 2] .
With management practices focused solely on production at the expense of conservation and environmental quality, there continues to be widespread concerns on rising costs, scarcity and ecosystem erosion [11] [12] [13] . Accordingly, efficient management in the context of hydrocarbon exploration in the state requires commitment towards monitoring of degraded areas using geospatial information systems. Over the past years, GIS and GPS have been used in detecting and mapping the distribution of environmental dis-benefits such as harmful plant varieties [14] . GIS has long been used by researchers as a tool to manage, store, analyze, and display spatial data [15] [16] [17] [18] . They provide opportunities for assessing location and the likelihood of damages within an area and the surrounding ecosystem. Assessing the fate of the ecosystem in this setting is a vital contribution to management efforts and the promotion of environmental health strategies needed in oil producing communities of the study area.
Previous studies in sub-Saharan Africa show that GIS and remote sensing offer governments and enterprises a solution for monitoring the carrying capacity of fragile ecosystems impacted by oil and gas activities in areas such as the Niger River Delta. In that work, GIS technology as the authors show fulfills a useful purpose in mapping and inventorying of emission and other related ecological data [1, 2] . Geospatial technology also helped quicken the spatial display of the factors, patterns, and environmental effects of oil and gas activities and their implications for global climate change in a region. Integrated data analysis using remotely sensed satellite imagery and GIS modeling facilitated the analysis of the spatial diffusion of CO 2 emission and the potential environmental change involving forest cover and hydrological changes occurring in the Niger Delta environment across time. These studies show the capacity of GIS to provide valuable information about natural resources, environmental change and basis for sustainable planning.
This paper uses GIS methodology to analyze pressures mounted on the environment in the oil sector of selected counties in the state of Texas for efficient management of the environment. Emphasis is on the issues, factors, management efforts, and future strategies for mitigation. The aims of the paper center on the need to make a contribution to the literature and to design a decision support tool to assist natural resource managers. Other objectives focus on the design of novel geo-spatial methods for analyzing degradation in the oil producing areas of Texas, the need to analyze environmental health issues of pollution with the latest advances in geospatial technologies, and the state of ecosystem health with respect to Texas. The paper is divided into five sections. The first section provides the introduction of the research beginning with a profile of the study area, the issues and benefits; while, the second portion describes the materials and methods. Section three presents the results of data analysis on various themes from temporal profile to geospatial analysis of the impacts of oil and gas activities. In section four, the paper discusses several findings from the research and offers recommendations to address the problems. The fifth and final section highlights the conclusions of the research.
The study area consists of the oil producing districts of Texas. The state is located very close to the Gulf of Mexico (Figures 1 and 2) . With a population of nearly 23 million inhabitants during the last five years, the number of people in the state rose to 24.3 million in 2008. Petroleum infrastructure remains fairly widespread in the area, with a huge network of pipelines and storage facilities ( Figure  3 ). Now, an extensive system of interstate natural gas pipelines run from Texas, serving consumer depots from seaboard to seaboard. The state's huge natural gas demand serves the industrial and electric power sectors, which jointly account for over four-fifths of State consumption [19] . Of all the states, Texas has the largest crude oil production and proved reserves in the nation with about 4,944 million barrels [20] . Among the major problems, as shown in Table 1 , are the ecological issues facing the oil sector from drilling waste management and risk management planning. While the Table highlights the common problems of the industry, it unveils the growing scale at which oil and gas activities contribute to pollution with insidious threats to the ecosystem. Notable environmental problems consist of large volumes of waste materials made up paper, plastics, wood, glass, and metal, generated by offshore oil and gas operations as well as water contamination [22] . Within the Gulf of Mexico, of the total marine debris tabulated for the three neighboring states of Texas, Louisiana and Mississippi, roughly 66 percent occur in Louisiana and Texas as compared to 34 in Mississippi [23] . On the distribution of hazardous waste generation by industry in Texas, in the 2001 fiscal year, note that chemicals and allied products accounted for 62.6%, the other 27.7% came from petroleum refining. This is much larger when compared with the combined total for the other sectors of the economy at that time ( Figure 4 ). According to the Railroad Commission of Texas, as of August 2008, there were about 14,415 wells classified as non complaint inactive wells that were in violation of the commissions' plugging rule. Of the 14,415 non complaint wells, 5,092 wells belonged to the operators with an active organizational report on file and with the commission and 9,323 wells belonged to operators with delinquent organizational reports [24] . While the commission defines these 9,323 facilities as orphan wells, the current regulatory frameworks in the state require operators to plug them at their expense upon the cessation of production. Knowing the sanctions awaiting violators of the plugging rules for non compliance, during 2003 to 2008 the state witnessed the plugging of 8,400 non compliance oil and gas wells ( Table 2) . With the current level of ecological threats from the petroleum sector on the rise, using GIS technology provides opportunities to assess the impacts of these activities and the spatial dispersions in the face of mounting environmental liabilities in various oil and gas districts of the state. 
Materials and Methods
The methodology of the paper stresses a mix scale approach anchored in geospatial information technologies and the integration of primary data provided through government sources and data bases from other organizations. The raw spatial data and other information used in the research were procured through the EPA, environmental scorecard.org, The Texas Railroad Commission, Texas Commission of Environmental Quality, US Department of Energy, The United States National Aeronautical and Space Administration NASA and the United States Geological Survey.
Step 1: Data Acquisition
The first step involves the identification of the variables needed to assess environmental decline at the state level within oil producing counties. The variables consist of such variables as number of gas producing wells, number of oil producing wells, volume of natural gas production, volume of oil produced, petroleum products associated with CO 2 emission, such as non LPGs, LPGs, and natural gas, amount of gas flared and vented, amount gas lost during extraction, quantity of CFCs emitted by facilities, the volume of benzene emitted by facilities, quantity of toluene emitted by facilities, the amount of waste generated, quantity of pollution by top 20 emitters and inter state movement of natural gas (See tables 1 and 3). This process continued with the design of data matrices and geographic coordinates for the variables covering the various periods from 1999, 1987 and 1999 and beyond. In addition, to the design stage, access to databases and abstracts that are presently available within the Government archives in Texas counties, The United States National Aeronautical and Space Agency (NASA) and host of other organizations helped facilitate the search process.
Step 2: Geo Spatial Data Acquisition and Processing
The design of spatial data needed for the GIS analysis required the identification of the appropriate digital county boundary lines covering the study periods of 1992, 1997 and 2002. This entailed the assemblage of the electronic version of available oil and gas district maps and resource and land cover maps containing oil producing regions of the state of Texas and those responsible for pollution for the years of 1992, 1997 and 2002. This was made possible by retrieval of spatial data sets of shape files and grid files from the Mississippi Automated Resource Information System (MARIS) in digital form of ARCVIEW GIS and some from the Texas Railroad Commission. With the official boundary lines between several counties in the state apparently stable, it was possible to assign consistent geographic identifier code to the respective area units in order to maintain analytical coherency.
The remaining procedure involves spatial analysis and output (maps-tables-text) covering the study period, using ARCVIEW GIS. Outputs for the region were mapped and compared cross time. This process helped show the extent of temporal-spatial evolution of ecological change induced by oil and gas activities along the oil producing districts of Texas. Accordingly, GIS technique remains indispensable in the development of the appropriate resource management tools for effective policy making in the ecosystem assessment of oil industry impacts. 
Results and Discussion
To assess the extent of environmental damages, a temporal profile of the core oil and gas variables associated with production, distribution, and consumption is necessary. A time series analysis of the indicators in Table 3 show an increase in gas production, number of wells and recurrent fluctuations in oil production and wells between 1987 and 2007. The percentage of change is also presented in the table. From Table 3 , note the number of oil and gas producing wells for Texas and the production history from 1987 to 2007. From the information on the second column on the left, gas producing wells grew from 42,167 to 88,311 at a rate of over 100. (Table 3 ).
The data in Table 4 lists the quantities of petroleum sources of CO 2 emission for Texas in the categories of petroleum products classified as non liquefied petroleum, non LPs, LPGs and natural gas. In 1999 and 2000 when the amount of gas flared moved down to 1990s levels, the quantity of vented gas stood at 35,674.983, 32,009.584 respectively. In the ensuing years, the volume of gas lost during extraction stayed stable. With the total of 42,568,145 mcf of gas moved across state lines, the interstate movement of gas remained active in the state.
During the years, the largest volumes of interstate movement occurred during 1994 to 1997 fiscal years. This was followed by moderate levels of oil and gas shipments between 1987 and 1983. Similar levels of shipments remerged within the remaining 3 years of 1998, 1999, 2000 (Table 5 ). For a brief analysis of the percentages of changes on the variables herein analyzed in this section, please refer to Appendix A. The graphical summary of the analysis presented in this section of the paper are contained in Figures 5-7 on the back of the Tables. The information in Figures 5, 6 , and 7 offers a graphical summary of the percentages of change as described in the temporal analysis already presented. The vertical axis of the graph highlights the periods of growth in the percentages of change while the low or horizontal axis distinguished in negative signs point to declines. From the graphical snapshots in Figure 5, 1987 Figure 5, -1988 in deep red emerged as a period with the largest percentage increase in the number of gas producing wells as indicated in Table 3 . On the other axis of the graph, the 1998-1999 period in blue represents the period of a much higher level of decline estimated at −11% than the other periods. In Figure 6 , the highest points in the graph indicating the emission of LPG seemed more visible during 1997-1998 at 40%, followed by 11.03% on the horizontal axis in 1990. The things that stand out in Figure 7 are the colossal percentage increases in the amount of gas lost during extraction around 1994 and 2000 (estimated at 77%, 37% respectively). This was followed by 1993 and 1999 when the amount of gas lost during extraction showed highest levels of decline. For additional explanation describing, the analysis of the trends behind the fluctuations, refer to Appendix B. In a survey of solid waste generation among several industries in 2002 as presented in Table 6 , the oil and as gas sector led the list with 82.9 million tons of waste in terms of ranking. Of the top 20 emitters in Table 7 based on criteria pollutants, the oil sector was ranked 14th, 16th, 17th and 19th based on criteria pollutants (SO 2 Other hazardous items from petroleum industry related facilities in the study area consist of ozone depleting substances made up of carbon tetrachloride and large portions of benzene responsible for cancer hazards. The others include the rising emissions of Toluene. From the information on Table 8 , facilities releasing ozone depleting chemicals seemed fully spread across the oil producing counties. In terms of the breakdown, the facilities with sizable emissions in order of importance consist of GB Bioscience Corp located in Houston and DDE Beaumont with 55,000 pounds of CFC in 2002. Other notables include BP in Texas City Refinery, and DuPont facilities in Corpus Christi, each responsible for the discharge of 37,000 and 35,000 pounds, respectively. While the Dow chemical facility at Freeport released close to 250,000 pounds, the reaming facilities discharged emissions of meager quantities of CFC compared to the others. The number of petrochemical facilities contributing to the emission of cancer related substances stretches from Beaumont to Baytown. The largest emitters are those in Beaumont, Deer Park, Houston and Freeport. In these areas, about 141,000,000 and 11,000,000 pounds of Benzene were traced to DDE facility in Beaumont and Deer Park Refinery LP.GB Bioscience Houston and Dow Chemical Company in Freeport discharged 8,900,000,000 and 3,100,000 pounds of benzene, equally known to cause cancer in humans. The facilities in the remaining counties ranked 22-35 emitted sizable amounts of benzene lethal enough to harm humans in the area under analysis of all the counties, Baytown and Beaumont had more concentration of such facilities than the others in 2002 (Table 9 ). Among the facilities contributing to non-cancer hazards, most notably toluene, the facilities in Houston, Baytown topped the ranking among the petroleum companies. The volume of toluene originating from the facility was quite sizable. Another group of five facilities with sizable discharges of toluene is located at Beaumont, Three Rivers, Freeport, and Sunray counties. The remaining factories include CITGO in Corpus Christi and La Gloria in Tyler County. From the Table, see that the facilities 5 and 6 in Beaumont and Three Rivers each had identical discharge volumes of toluene estimated compared to Freeport and Sunray (Table 10) . 
Discussion
The preliminary assessment of the extent of change associated with oil and gas activities, which culminated over years, has revealed growing environmental impacts. The gravity of ecological damages in the study area is closely associated with the intense nature of oil and gas activities and a host of other variables. Pertaining to the geographic concentration of facilities responsible for the emission of ozone depleting substances, CFC and those discharging cancer causing chemicals containing benzene, the maps in Figures 8 and 9 show a patchy presence of those companies along the southeastern part of the state distinguished in blue and red colors. Note also the presence of companies responsible for the emission of non-cancer substances most notably large quantities of toluene along the southern tip of Texas ( Figure 10) . Additionally, Figure 11 provides an indication of the geographic distribution of orphaned wells in the state of Texas. In the map notice a strong cluster of wells along the upper north and western portion of the state. From the map, it is evident that there are very large collections of orphaned wells in the central and coastal areas of the state. Because abandoned oil wells of this proportion serve as conduits for the seepage of brine, salt water and other toxic fluids, the upper portions of the Colorado River adjacent to the state's area have been severely degraded in last several years. As part of the consequences, rural residents were compelled to evacuate areas deemed adjacent to abandoned wells and saltwater disposal pits [22] . Another interesting twist to the type of impacts being experienced in the state of Texas is the growing incidence of oil spills and oil well blow outs. While oil spills as presented in Figure 12 appear somewhat sketchy when compared to abandoned wells note that oil spill incidents seemed scattered in various counties of the state. There appears to be a sizable concentration on the areas located around the North East, the South East corner of the state as well as the south west. From the map there exists a close proximity between some of the counties experiencing oil spills and the surrounding costal environment of the state. Regarding the number of blow out incidents from oil and gas wells in the state of Texas, the information as presented in Figure 13 indicates a sizable dispersion of the problem in various counties. The northwest section of the state has strong concentration in space, while much of it is scattered in the south-eastern part and the coastal areas. In terms of sub-terrain pollution, Figure 14 offers a vivid example of some of the counties in the state of Texas experiencing confirmed cases of underground water contamination due to oil and gas activities between 1997 and 1998. The spatial distribution of ground water contamination from the map shows that it transcends every geographic location of the state. According to the map, the first three confirmed case types of ground water contamination were quite pronounced along the coastal and Southern plain of the state of Texas known for high concentration of petroleum refineries. The north central portion of the map as shown in the Figure 14 contains a cluster of confirmed cases of 1 and 2 along with the maximum case types of 4 as well. All in all, the North Central and North West part of the state have far more cases of underground pollution when compared with the southern portion along the Gulf coast of Texas. This problem poses enormous health risks for humans and animals that depend upon underground water supply in the area. For more discussions on the spatial analysis see Appendix B.
The ecological impacts of oil and gas activities in Texas do not operate in a vacuum; they are associated with several variables. The factors center on demography, economic indicators and policy defects. This section of the paper analyzes the factors fueling the growing impacts of oil and gas activities and inaction towards periodic monitoring of the trends using geospatial information technologies. 
Economic elements
For years the petroleum industry has remained a key component of the economy of Texas. With present policy focused solely on production, oil sector operations involving drilling, geologic and seismic surveys have sizable impacts on biodiversity. Accordingly, there exist several economic indicators in the petroleum sector that are partially responsible for the problems. Under a system in which environmental damages are often omitted from the conventional economic system and core fiscal indicators, in 2006 alone there were about 6,900 active operators, 229,050 producing wells of which oil accounted for 149,100 and natural gas 79,950. The state is ranked the number one producer of oil and natural gas with 348 million barrels of oil and 5.9 TCF of natural gas. With 26% of the United States refinery capacity and 8981 rotary rigs in operation, Texas accounts for 47.8% of US total. The state's oil and gas operations represent a $100 billion industry. The drilling permits issued in Texas have also risen over the years as indicated in Table 11 . In fact, the number went In 2006, the demand for permits reached the 21,000 mark [21] . At the same time, the state's oil and gas Gross Product has been growing in the face rising of environmental liabilities of the sector. 
Policy defects
The current lapses in policy seem somewhat associated with the growing levels of oil and gas impacts on the environment and the meager geospatial tracking of the trends in the study area. Under a regulatory climate festooned with major weaknesses and lapses and a large concentration of 244,460,108 pounds of some of the most toxic pollutants, Texas ranks 4th in the nation in regards to environmental decline. Various indicators for gauging environmental decline such as the total environmental releases, air releases of recognized carcinogenic substances, atmospheric discharge of developmental and reproductive toxicants, air and water releases remain so threatening that they have been classified as the worst among the 50 states. According to the state summary of emissions, in 2000, 100 facilities in Texas emitted into the atmosphere more than 38,000 tons of particulate matter less than 10 microns along with 794,000 tons of sulfur dioxide, 497,000 tons of nitrogen oxides, 76,000 tons of non-methane organic compounds-including all VOCs-and 224,000 tons of carbon monoxide [25] . Because many of these emission sources or facilities were built before 1972, they escaped major air pollution control requirements under the 1972 Texas Clean Air Act until recent changes were enacted by the 1997, 1999 and 2001 Legislatures. These facilities are known as grand fathered facilities. The weaknesses in regulatory framework is compounded further by the loosely defined land use policies and the limited emphasis on periodic assessment of the impacts of oil and gas activities using the latest advances in geospatial information technologies.
Realizing the scale of oil and gas activities and the impacts on the environment, numerous initiatives have been undertaken by various entities in the state. This part of the project describes the efforts put into place. Some of the efforts consist of legislation to plug abandoned wells, to invoke operator clean up programs, to propose acquisition of new technologies and to promote stakeholder initiatives.
Plugging legislations
The oil field clean up came into effect after its approval through the Senate Bill (SB 1103) and revision contained in SB 310 by the legislature in 2001. In line with the provisions of SB 1103, the State of Texas along with the Railroad Commission, reinforced its fiscal capacity to close abandoned, orphaned oil and gas wells through immediate rehabilitation and restoration of affected oil field sites. In the process, SB 1103 replaced the previous well plugging fund with the oil field clean up account by setting the fund balance cap at $10 million and above. The effect of the oil and field clean up fund remains evident given the growing number of plugged orphaned wells and rehabilitated sites. In the beginning of the financial year 1984 to 1991, the commission plugged 4,078 wells with an estimated price tag of $16.1 million made possible through an earlier well plugging fund. Additional work involving the commission include the plugging of 24,797wells at a cost of $139,574,743 during the financial the year 1992 through fiscal year 2008 as well as numerous efforts directed at cleaned up, assessment and monitoring of 3,983 sites with money from the state, federal sources and the oil clean up of fund [24] .
Industry role in Operator Clean Program (OCP)
Ever since the financial year 1992, the Railroad Commission and the industry have partnered to plug about 6,000 and 10,000 wells annually. Consequently, the numbers of orphan and non compliant wells have declined in the last four years. One more vital role of the commission's Oil Field Clean up Program revolves around the administration of the operator Clean Up Program. Operator clean ups involves multifaceted appraisal and rehabilitation on initiatives carried out by a dependable operator, typically at ecologically fragile sites. The plan stipulates that pollution intense operations far-off SWR 91 non-fragile area adhere to oil spill clean up rules and beyond SWR 8 and that regular clean ups and closings be dealt with on time and cleaned up satisfactorily. Supervision of OCP activities is generally done through employees in Austin headquarters and District office (DO) staff where the bulk of longstanding remediation plan call for expert skills to appraise and administer. For more information on the extent of clean up activities in selected counties see Table 12 [24] . 
Information technology acquisition
The project centers on sustaining the Railroad Commission efforts in designing a manageable and secured computing environment. The project will tackle end use computing software, printer replacement, mobile computing, security and network improvement required to sustain current technology infrastructure. The project will change obsolete network hardware and procure software that will enhance the rail road commission capacity to manage network activity and strengthen infringement recognition ability. While some components of the Railroad Commission computing infrastructure have been replaced during the biennium, other infrastructure improvements will be needed during FY10-FY11 biennium. These improvements are pertinent for the end user computing software and peripheral replacement and network improvement. Under the program, secondary tools including scanners, cameras, GPS devices, external storage unit and drives to combat device failure are of topmost priority [26] .
Support for innovative approaches
Both government and industry have long recognized the importance of cost efficient approach to environmental safety in the oil sector. This realization prompted the establishment of ONGPTs oil and gas environmental research and analysis program. The national petroleum council at the insistence of the secretary of energy highlighted various ways upon which government and industry might partner jointly to fulfill this requirement. Among the council's suggestions were the formulation of a less rigid policy and regulatory structure along with more proficient remediation tools to lessen environmental effects and good science. The expectation is that this would give oil and gas producers more flexibility in determining how they can best meet standards, yielding the same environmental benefits at lower costs [8].
Multiple stakeholder efforts
Numerous stakeholders are playing active roles to address the growing environmental problems from oil and gas operations. The Department of Energy is working closely with industry, states officials, and the other federal agencies to stem the rising costs of environmental protection. This is intended to help oil and gas producers operate more effectively and generate jobs and economic activities of value to the nation. DOE together with state officials and leaders from the oil and gas industry are using the best information and science available to find new ways to address the nation's environmental concerns. The results of their collaboration demonstrate that the needs of a strong economy and healthy environment can indeed be fully compatible. While some of the environmental NGOs and community groups and centers of learning in the state have been quite active in raising the profile of environmental impacts of oil and gas activities, others have focused their efforts in the areas of research and development to stem the tide of ecological decline emanating from the oil and gas sector.
Aside from the efforts of policy makers and stakeholders through policy and legislations to mitigate the problems of pollution emanating from oil and gas activities, the state faces a daunting task in eradicating the threats posed by petroleum producing facilities located in several counties of the state of Texas. With the large presence of indicators of environmental decline in most production facilities, the surrounding ecology of the oil producing districts remain under serious stress. Additionally, a time series analysis of the trends indicate an increase in gas production and number of wells followed by recurrent fluctuations in oil producing wells and the quantity produced between 1987 and 2007.
In the context of the ecosystem health of the state, the aforementioned problems can prolong the current threats of environmental degradation through growing air pollution, ozone depletion, rise in climate change factors, water quality decline, high cancer rates and other health related complications among the communities along with coastal ecosystem change and the large presence of hazardous waste materials.
To deal with some of the problems herein identified, the paper suggests four major future lines of action. The measures include the need to encourage the continuous use of geospatial information technologies, collaboration with the industry, improvement in current policy and the need for the development of energy information system and the involvement of communities.
Encourage the regular use of spatial information
With the result of the research showing a widespread cluster of pollution intense facilities in selected counties of the state and the proximity of such facilities to sensitive natural systems. The assessment of ecosystem health of counties adjacent to the operation of petroleum facilities and the spatial dispersion of the trends are better done using GIS technology. As a valuable decision support tool for mitigating the threats posed by oil and gas externalities, geo-spatial information technologies enables researchers and decision makers to detect the dangers posed by impending changes. They not only enhance our understanding of their scale, but they offer a framework for evaluating ecosystem decline and the mechanisms for restoration. The responsible use of natural resources in an ecosystem especially along sensitive or costal areas involves also effective geospatial monitoring with GIS. With environmental surveys costly especially in remote areas of large tracts including water bodies and oil and gas wells. Integrated remote sensing and GIS have significant potential to aid environmental monitoring/change detection efforts.
Improve current policy
The scale of problems occurring in the oil producing areas of Texas, calls for an urgency to improve the current policy. This can be attained by strengthening the regulatory instruments with stringent requirements on standards, licensing along with mandatory disclosures and reporting of activities. Such measures by the governments would not only help address the discharge of pollutants and environmental degradation, but will go a long way to streamline policy goals focused on the welfare of the ecosystem based pollution reduction.
Develop regional energy information system
During the writing of this research paper, much of the information needed for the project were scattered in various agencies including state, federal, academic institutions, and environmental NGOS. In order words, we researched the impacts of petroleum activities on a major oil producing state with access to no centralized regional energy information system with geospatial orientation. The design of such a system offer a creative approach in dealing with environmental problems emanating from the industry by providing up to date access on information highlighting the state of the resource, the impacts and indicators in order to ensure the sustainable management of fossil fuel products in the oil producing districts of Texas. To improve decision making capability and provide support, the proposed system would offer periodic display of information on the location of delinquent wells, compliance patterns among operators, the number of wells in operation and the interaction between the activities of the sector and the surrounding ecology and the ability of the regulators able to predict and monitor the impacts.
Involve communities in the management of the natural resources
The problems associated with the impacts of oil and gas activities are so localized and some times regional with much of effects often felt in the neighboring communities. At the same time, unhealthy environments make residents more vulnerable to mortality from diseases. As a result, many communities in whose domain the petroleum facilities operate remain at the center of activities and on the receiving end in terms of exposure to environmental burdens, high cancer rates and water contamination. The belief is that local populations have a greater interest in the sustainable use of resources than others and that local people are more cognizant of the intricacies of local ecological process and practices. Using community-based strategies to optimize environmental initiatives in the oil industry have potentials to improve the quality of life and the ecosystem health.
Conclusions
This paper has presented the use of spatial technologies in environmental management by analyzing the case of ecosystem assessment of oil and gas activities in Texas. The paper outlined an overview of the background with some focus on the ecological issues in the literature pertaining to oil and gas production in the state, the essence of Geospatial Information System and the benefits of the petroleum sector to the economy. This was followed with the outline of the profile of the study area with some emphasis on the pollution threats within the oil and gas districts and the description of the GIS techniques and methods used, the analysis of environmental impacts of the petroleum sector, the factors fueling the problems and mitigation efforts. The results point to widespread growth in indicators of environmental decline attributed to oil and gas activities in the area.
With the growing presence of pollution indicators from the oil sector, mix-scale approach involving descriptive statistics and GIS applications point to a rise in number of gas producing wells and production with recurrent drops in number of oil wells and quantity produced. While there were increases in petroleum sources of CO 2 emissions coupled with gas flaring, the amount of hazardous waste materials and other emissions attributed to the sector remained sizable. Other hazardous chemicals consistent with the petroleum producing facilities in the study area such as ozone depleting substances made up of carbon tetrachloride and large portions of benzene responsible for cancer hazards as wells as the rising emissions of toluene pose serious threat to the ecosystem health of the communities.
The geospatial assessment of the impacts using GIS, reveal visible cluster of facilities responsible for the emission of ozone depleting substances, CFC and those discharging cancer causing chemicals containing benzene and non cancer toluene materials along the South East part of the state. Geospatial analysis of impacts, offered a valuable insight on the location and risks associated with vast number of orphaned wells in the central and coastal areas and the risks. The presence of numerous abandoned oil wells as the analysis showed create easy conduits for the seepage of toxic materials into ground water. These substances appeared more pronounced on areas situated around the northeastern, southeastern, as well as the southwestern corner of the state. The GIS mapping which highlighted the spatial distribution of oil spills indicates a close proximity between oil spills sites and fragile costal environment of the state as well. There were numerous cases of blow out incidents from oil and gas wells and ground water contamination in various counties of the state of Texas as well.
In the current study, the availability of temporal spatial data and analysis played a vital role in facilitating the assessments of the ecological risks emanating from the oil sector. The assemblage of the information and analysis as an emerging science devoted to the study area, not only quickened the data processing stage of the study, but it unveiled the location of stress indicators in the state essential to effective management and timely mitigation. Accordingly, GIS technique, as used here in contributing to the literature, stands as a relevant decision support tool that pin points high risk areas threatened by oil and gas externalities. In the study area, this involved the generation of maps that identified externalities such as oil and chemical spill, well blow out incidents, ground water contamination along coastal areas and the spatial distribution of facilities producing CFCs, cancer causing substances of benzene and toluene and orphan wells. Visualizing natural systems prone to disasters from the oil and gas sector in these settings, not only helped focus the scope of environmental management with records of change in affected areas, but it furnished information on the pace at which resource extraction activities impact nature.
For the purposes of planning, spatial analysis offered a visual documentation of environmental health at precise locations on different sets of variables related to oil and gas activities in Texas. With the capability to generate temporal spatial information, this perspective serves the needs of managers in weighing the significance of the emerging patterns and the impacts on the local ecosystem. Without access to such information, resource and environmental managers run the risk of offering improper blue prints and solutions for protecting the environment. GIS applications can be effective as part of an emerging science for addressing these concerns by providing managers a yardstick for analyzing different levels of changes in the ecosystem. It is expected that they will serve a useful purpose in subsequent research and will evolve further through utilization in a variety of situational settings in the study area and elsewhere under conditions that are compatible with the ideas of environmental management.
The study also serves as a conduit for future applications in oil producing areas in states or regions. This then stimulates the growth of regional expertise and confidence which in turn enhances the capacity to make decisions in areas associated with petroleum exploration and ecosystem impacts. This role as a decision support tool, can lead to a real consensus as more users, and those in charge of environmental management systems have faith in the approaches and make a conscious decision to increase their application in future. The applications of this technique in the research along with the findings from it therefore make a contribution to our understanding of GIS applications in environmental management. These techniques play a fundamental role with the steps upon which impact analysis of petroleum activities is built. The project has revealed the utility of GIS applications in environmental management and thus serves as conduit for future applications as novel science in communities impacted by oil and gas activities.
